Abstract This study makes an attempt to characterise Quaternary sediments in terms of their heavy minerals (HM) composition. Authors focus on the Mazovian Lowland, Central Poland, where a number of clastic sediments of different age and origin overlap. Five sedimentary settings, covering the Saalian-Holocene (MIS 1-6) time frame, have been studied to reveal whether these sediments have single or multiple source areas and to decipher sediment transformations. In the glacial setting either garnet-or amphibole-dominated sediments occur. This unequivocal mineral combination likely reflects a multi-sourcing resulting from multi-directional ice advance. The HM taken from fan-like forms and aeolian sediments are closely related; these sediments are largely multicyclic and likely derived from pre-existing recycling sediments. Similar mineral suite is also typical for long-lasting aeolian processes and is observed in dune sediments. Ultrastable components are less frequent in the coversand, which points at a shorter-lived aeolian process. Finally, the fluvial setting reveals multi-sourcing largely depending on local geological conditions.
INTRODUCTION
Heavy minerals (=HM) are believed to be potentially useful in palaeoenvironmental and transport reconstructions, analyses of sediment provenance and related source rock or dynamics of the processes (Mange, Wright 2007) . Indeed, their compilation can be tested towards the applicability in the numerous sedimentary environments, such as coastal (Dill et al. 2012; Järvelill et al. 2015) , marine (Derkachev, Nikolaeva 2013) , tsunami (Jagodziński et al. 2012) , fluvial (Guedes et al. 2011; Nascimento et al. 2015; Weckwerth et al. 2013) , aeolian (Hamdan et al. 2015; KasperZubillaga, Zolezzi-Ruiz 2007; Kilibarda, Blockland, 2011; Ugolini et al. 2008) , or glacial settings (Mahaney et al. 2011) , where the HM proxies are commonly used. Consequently, this correlates with the Polish HM research, of which numerous approaches and applications have been widely tested in the peculiar sedimentary settings in different regions of Poland (Ludwikowska-Kędzia 2013; Marcinkowski, Mycielska-Dowgiałło 2013; Pisarska-Jamroży et al. 2015; Wachecka-Kotkowska, Ludwikowska-Kędzia 2013; Woronko et al. 2013) . This is partially due to an extensive and long-lasting drilling program and detailed geological mapping at 1:50 000 scale (Ber 2005 ), but also due to a previous study, which addressed the HM composition of some of the surficial sediments. For example, in the Mazovian Lowland, Central Poland, dune sediments have been investigated in this context (Konecka-Betley, Janowska 2005; Dzierwa, Mycielska-Dowgiałło 2003) .
This study also focus on the Mazovian Lowland, where a number of glacial, glaciofluvial, fluvial, periglacial and aeolian settings occur and most of them lack of HM information. Authors provide a new data about the HM composition of sediments in the selected settings and aim to decipher: (1) the HM characteristics of sediments, (2) sediment single or multiple sourcing, and (3) sediment provenance and the HM transformation by a particular setting. To be able to meet these objectives, the five sedimentary settings (glacial, fan-like forms, dunes, coversand and fluvial setting) covering the Saalian (MIS 6) to Holocene (MIS 1) time frame were investigated. Authors consider these settings as representative for the overall geological pattern of the Mazovian Lowland.
STUDY AREA
The study area is located in the Mazovian Lowland, Central Poland (Fig. 1A) , and entirely outside of the last maximum extent of the Scandinavian Ice Sheet (Wysota et al. 2009 ) on a distance of 40 to 120 km from a distinct ice marginal zone of the Weichselian (MIS 2-5d; Vistulian) Glaciation date approximately at 19 to 20 ka (Marks 2012) . The previous Saalian (MIS 6; Wartanian) ice sheet reached its respective maximum extent (Marks 2004 (Marks , 2002 , covering entirely the study area (Fig. 1A) . Sediment of a different age and various origin, resulting in a wide variety of landforms, occur in the Mazovian Lowland (Table 1 , Figs 1A-E). Five representative sedimentary settings were chosen for this study (Table 1, Fig. 2 ).
Glacial setting
A patchy mosaic of sands, gravels and tills build the higher-elevated Rawa (Fig. 1A, D) and the Kałuszyn moraine plateaus (Fig. 1A) , south-west and north-east of Warsaw, respectively, and this is apparent from the numerous geological maps (Marks et al. 2006; Nowak 1984; Szalewicz 1994 Szalewicz , 1987 . Up to 12-m thick glacial till form these plateaus (Szalewicz 1994) . Till continues also towards the north, directly under the sediments of the fan-like forms, and further partially forming the vast areas of denuded plains: Błonie ( Figs  1A , B, D, 2) and Wołomin (Figs1A, E, 2).
Fan-like form setting
Vast quantities of sandy sediments resembling the fan-like forms borders the topographically higherelevated plateaus and lower-elevated denuded plains, being partially a results of ice-dammed lake in this area (Marks 2005) . The fan-like forms slope slightly north-eastwards (Figs 1C-E, 2) and form up a several-meter-thick sediment cover of massive medium-, fine-and occasionally coarse-grained sand (Kalińska 2008a ; Kalińska-Nartiša, Nartišs 2016a), which was deposited in four stages between ~48 ka and ~12 ka (Kalińska-Nartiša, Nartišs, 2016a, b) . Their origin has been widely discussed, however the latest study shows that aeolian factor largely dominated during their formation (Kalińska-Nartiša, Nartišs, 2016a, b) . Because a field of fan-like forms reaches of ca. 100 km in length, and stretches along the northern margin of moraine plateaus, both west and east of Warsaw, its the westernmost, central and easternmost part were investigated (Figs 1A, C-E).
Coversand
It is well established, that numerous forms and sediments were produced due to aeolian activity between the Last Glacial and the Mid-Atlantic period Kolstrup et al. 2007; Marks et al. 2016; Tolksdorf, Kaiser, 2012; Vandenberghe et al. 2013) . The shapeless and thin coversands occur widely in the Mazovian Lowland (Marks et al. 2006) . This is likely due to a numerous factors i.e. wind speed and/or material accessibility. In this study, the coversand located west of Warsaw at Plecewice site was investigated (Fig. 1A-B) . The source of the sand is unknown, however, fluvial sands of the river terrace/s could significantly contribute in its formation. At the Plecewice site, the c. 2-m thick massive and mostly fine-grained coversand is directly underlain by the varved clays of the ice-damn lake in (after Nowak 1984; Szalewicz 1987 Szalewicz , 1994 , later modified and complied by Kalińska, 2008a; Kalińska-Nartiša and Nartišs, 2016a, b) .
the Warsaw Basin (Kalińska 2012) . The matter of debate is whether these coversands are fluvial or aeolian origin (Baraniecka, Konecka-Betley 1987; Kalińska 2012; Sarnacka 1982) . 
Dunes
Throughout the Warsaw Basin, dune forms are rather limited to the particular areas i.e. fluvial terraces (Baraniecka, Konecka-Betley 1987; Konecka-Betley, Janowska, 2005; Marks et al. 2006) , and east-west oriented dunes and dune complexes can be found; their deposition took place during the Late-Glacial -Holocene transition (Konecka-Betley, Janowska, 2005) . In contrast, findings of the parabolic dunes atop of the plains, the fan-like forms and moraine plateaus are rather scarce. Situated in the central part of the fanlike forms, west of Warsaw and contacting directly with their sediments, the dune in Międzyborów seems to be exceptional (Fig. 1D) . Reaching a maximum altitude of 123 m a.s.l. the dune of parabolic-like shape is the most distinctive morphological feature in the investigated area. As far, direct numerical age estimates are lacking. Surely, the aeolian accumulation postdates the deposition of the fan-like forms at ca. 14 ka in this area.
In contrast, the Łysobyki site, east of Warsaw, seems to represent one of the numerous dune setting in this area (Fig. 1E) . Here, both parabolic and longitudinal dunes interplay with shapeless coversands and fan-like form sediments. A direct contact between the fan-like form and dune sediments enable to establish the minimum age of dune deposition to ca. 12 ka; this is the last moment where the fan-like form deposition took place east of Warsaw (Kalińska-Nartiša, Nartišs 2016b).
Fluvial setting
A successive episodes of fluvial erosion and accumulation took place in the Mazovian Lowland (Marks, 2004) , and today this region is an important hydrographic junction of the Vistula River and its main tributaries (Fig 1A; Marks 2005; Starkel et al. 2007 Starkel et al. , 2015 . The Okrzesza -Pisia -Bzura rivers represent the left-side tributary system of the Vistula river and their sediments were investigated in this study.
A unique fluvial trend can be observed in the fan-like forms, where relatively narrow and parallel streams incised the sandy sediments; this is an example of the Okrzesza and the Pisia rivers, which follow this pattern (Fig. 1D) . Here, the negligible alluvium displays along the rivers, of which most of them concentrate rather to the young sediments in the present-day rivers channel. The fluvial terraces, therefore, are mostly absent. Whereas the Okrzesza and the Pisia exhibit a narrow, subparallel channel pattern, the Bzura river emerges from confinement between valley-side slopes in the Plecewice area (Fig. 1B) , meandering further to its mouth into the Vistula river. The wide spectra of distinct fluvial terraces can be identified, and correlated with the upper-Plenivistulian -Holocene transition (Andrzejewski 1991) . The Malanowo site locates at the highest terrace level (Fig. 1B) and reveals an alternation of the sandy channel and organic-rich muddy flood deposits (see Fig. 2A in Kalińska 2008b) .
MATERIAL AND METHODS
This study combines published material with a new data (see Table 2 for details). Altogether fifteen sites from five settings were taken as reference sites of the Mazovian Lowland (Fig. 2 ). Samples were collected with a hand auger, from the mechanically dug pits and outcrops. From these sites, 49 samples (7 from glacial setting, 4 from fluvial setting, 5 from dunes, 3 from coversand, and 30 from the fan-like forms) were analysed. Fluvial samples were taken directly from the present-day river bed. The studies of Marcinkowski and Mycielska-Dowgiałło (2013) indicated, that fraction in the range of the 0.1 to 0.2 mm is the best candidate for HM evaluation. Thus to separate specific grain size fraction all samples were sieved through a 0.1 and 0.125 mm sieve, washed and dried. Further, the 0.1-0.125 mm grain size fraction Table 2 Percentage of selected heavy minerals in the investigated settings. Transparent minerals are classified in the three "resistance" groups following a proposal of Marcinkowski and Mycielska-Dowgiałło (2013) . Mineral symbols (following a proposal of Whitney and Evans, 2010) : O -opaque minerals; And -andalusite; Zrn -zircon; St -staurolite; Tur -tourmaline; Tpz -topaz; Rt -rutile; Ep -epidotes; Grt -garnets; Amp -amphiboles; Px -pyroxene; A -A-coefficient; B -Bcoefficient; W -weathering index; ZTW -maturity index (for coefficients and indexes see the text);
1 data partially after Kalińska-Nartiša and Nartišs (2016a); 2 data partially after Kalińska-Nartiša and Nartišs (2016b) (Marcinkowski, Mycielska-Dowgiałło 2013) : (1) the A-coefficient (number of amphibole grains to garnet grains), (2) the B-coefficient (number of non-resistant minerals to resistant minerals). Additionally, the weathering index (W) was calculated and details on its equation can be found in Racinowski and Rzechowski (1969) . These coefficients are believed to approximate the sedimentary environment (Woronko et al., 2013) . Finally, the ultrastable minerals (zircon, tourmaline and rutile), whose content is represented by the ZTR index (Hubert 1962 ) was calculated.
RESULTS
The mineral coefficients, indices and percentage contents of the HM are shown in Table 2 along with their spatial distribution (Fig. 3) , correlation between garnets and amphiboles (Fig. 4A) , and between the most resistant and non-resistant minerals (Fig. 4B ).
Glacial setting
The T/O mineral coefficient shows a high dominance of the transparent minerals over opaque. The analysed tills are either garnet-or amphibole-rich (45-63% and 64%, respectively). At the Kołaczek and Maruna garnet dominates in sediments over amphiboles, but at the Żyrardów N, a content of amphiboles is as high as 64%. Tills from this latter site reveal also a low value of the ZTR index, where only 3% of ultrastable minerals are noted. The value of the ZTR is, in contrast, the highest (3-19%) among all investigated sediment in the lowermost part of the Kołaczek profile. A significant differences in the distribution of the W (weathering) index were found among glacial sediments (between 30 at Kołaczek and 329 in the lowermost part of the Żyrardów N site).
Fan-like forms
A considerable variability exists between (1) the transparent and opaque mineral group, and (2) content of the garnet group derived from the fan-like forms deposits. The T/O value varies between 2.3 (the uppermost part of the Polesie site) to 11.0 (the lowermost part of the Polesie site). The garnet group ranges from 22% (Polesie site) to 75% (Jaktorów site), resulting in the value of the A-coefficient above 1.0 and close of zero, respectively. Consequently, a considerable mineral variability recorded by the B-coefficient can be observed. The values of the ZTR index is also high. For example, in the sediments taken from the Kątniki site the values are between 16 to 21. Only sediments at the Polesie site are undoubtedly influenced by the group of non-resistant assemblages.
Dunes
Relation between the transparent and non-transparent mineral groups seems to be the most homogeneous in dune sediments; it narrows to the range of 5.2 to 9.0. The sediments at the Międzyborów site seems more enriched into garnets (between 53% and 69%) than most of the localities. is also relatively high (between 13 and 16). This, however, is only true for the uppermost part of the profile. The value of this index seems decrease towards the bottom of the profile investigated, reaching value of 5 at the bottom. In contrast, value of the W coefficient increases toward the bottom of the profile and differs between 34 (at the topmost) to 92 (at the bottommost). At the Łysobyki, value of the A-coefficient equals of 0.45, thus pointing at an increase of amphiboles up to 24%. The value of the ZTR index seems smaller comparing with i.e. the Międzyborów site, and reaches only 7. Notably, the W index of 150 at Łysobyki is 3-5-times bigger than at Międzyborów, and resembles more i.e. the glacial settings studied here.
Coversand
Sediments taken from the coversands exhibit a relatively high percentage share of garnet (from 55 to 68%). The value of the ZTR index is lower than in dune setting, and makes up between 5 to 10. Traces of glauconite (1%) are recorded in the uppermost part of the coversand section. The values of W index are variable and range between 51 to 149.
Fluvial setting
A significant content of garnets (between 63 to 72%) is noted in the sediments at the Malanowo and Okrzesza sites. In contrast, only 16% of garnets and 47% of amphiboles are observed at the Pisia River. These give a variable correlation of the A-coefficient; values of 0.11 to 0.24 are typical for the Malanowo and Okrzesza setting and increase up to 2.9 is noted in the Pisia sample. The highest value (=12%) of the ZTR index is noted at the Pisia site, whereas both Okrzesza and Malanowo are lower (8, and 7-8 for Okrzesza and Malanowo, respectively). Values of the W index differs significantly between 44 (at the Pisia site) and 108 (in the lowermost part of the Malanowo profile).
DISCUSSION
Sedimentary processes re-shape the initial composition of HM assemblages (Garzanti et al. 2012; Morton, Hallsworth 1999) , in a way that they should differ from their source rock (Sevastjanova et al. 2012) . Following such assumption, the most liable to dissolution are i.e. amphiboles and pyroxenes, whereas tourmaline and zircon are the most stable (Morton, Hallsworth 2007; Sevastjanova et al. 2012) . Abrasion and mechanical breakdown scarcely effect zircon, rutile, staurolite, tourmaline, apatite, epidote and finally garnet; these are, therefore, considered as the most mechanically resistant group (Chlebowski, Lindner 2004) . Authors discuss the mineral characteristics, the sediment single or multiple sourcing and transformation paths in the following sections (Figs 5, 6 ).
Glacial setting
The final HM composition in the glacial setting closely depends on (1) the composition of the parent sediments, which are resistant to the mechanical damage, and (2) subjection to the chemical weathering (Passchier 2007) . If so, most HM are restricted to spe- Kalińska-Nartiša, 2017. cific source rocks, which can provide distinguishable differences among sediment source area (Sevastjanova et al. 2012) . In our study, garnets and amphiboles occur in significant abundances in the glacial setting (Figs 3, 4A) represented by the Kołaczek, Maruna and Żyrardów N sites. These tills are either enriched in garnets followed by resistant group or, conversely, in amphiboles, and further followed by the less-resistant assemblages (Table 2, Figs 3, 4A,B) , which may be the methodological problem. On the other hand, these results support findings of Marcinkowski (2007) , who stated, that no unequivocal pattern can be established for glacial sediments. These sediments have multiple sourcing, because the delivery system by the ice sheet might have been complex and multidirectional (Woźniak, Czubla 2015) . The garnetamphibole enhancement has been observed in the numerous Saalian glacial sediments (Czerwonka et al. 1997; Ludwikowska-Kędzia 2013; Rappol, Stoltenberg 1985; Woronko et al. 2013) , which likely supports their Fennoscandian origin resulting from the ice advance (cf. Woronko et al. 2013 ).
Fan-like forms
Sand mineralogy of primary glacial sediment generally records the composition of rocks eroded up to the several hundreds of kilometers upstream from the glacial terminus (Gwyn, Dreimanis 1979) . Under this conditions only mechanically ultrastable minerals, such as i.e. zircon, are potentially able to survive long-term glacial transport in the sandy fraction (Hauptvogel, Passchier 2012) . This study shows the highest value of the ZTR index in the easternmost part (Kątniki) and the central part (Jaźwie and Kołaczek) of the fan-like forms (Table 2, Fig. 3 ) along with the mechanically resistant and well-rounded garnet, tourmaline and staurolite as recorded previously (Kalińska-Nartiša, Nartišs 2016a,b) . Sediments at Kalińska-Nartiša, 2017. these sites must be, therefore, multicyclic and derived from one source with pre-existing recycling sediments (Fig. 5) , and closely related to i.e. dune sands (Hamdan et al. 2015; Muhs 2004) . This statement agrees with our previous study, where the fan-like forms were attributed to cold and windy conditions in periglacial climate with additional contribution of snow/ice and fluvial signal (Kalińska-Nartiša, Nartišs 2016a,b) . The HM study shows that presumably dry pre-and post-Weichselian climatic conditions during the fan-like forms deposition are plausible reason for a very similar heavy mineral record between the fan-like forms and dune sediments. Considering, that either external sorting or aeolian sorting contributed, the labile components were destructed. Sediments of the fan-like forms may have experienced a high number of burial-erosion cycles. But another equally valid scenario might be due to occurrence of already mineralogically mature sediments, that served as a potential source. This is especially valid, while assuming (1) the patchy amphibole-garnet (less-more resistant) of the underlain tills, so that the more resistant parts had already diminished into the labile components, and (2) that the initial mixture of the fan-like form sediment grain originates partially/fully from this glacial setting (Fig. 6) .
It is well established, that samples representing the older sediments, that have been buried to greater depths and for a longer time tend to have a high ZTR value (Nie et al. 2013) . To some extent, this may be supported by the sediments of the fan-like form, where (1) the oldest (ca. 48 ka onwards) sequence reveals an alternation of both the more-and less-resistant horizons, (2) the pre-LGM (ca. 31-25 ka) part is enriched into garnets and some ultra-resistant staurolite and tourmaline, (3) the post-LGM (ca. 16-14 ka) sequence shows either enrichment into garnets (topmost of the Kołaczek profile; Table 1 ) or into the most resistant species (Jaźwie site), and lastly, (4) the youngest (ca. 12 ka) phase gradually depletes into amphiboles and reveals one of the lowest B-coefficient. This chronological-HM-based grouping supports somewhat an idea on repeatable sedimentary cycles.
Sediments at the Polesie site show both the A-and B-coefficients higher than elsewhere (Table 2, Fig. 3) , thus resembling i.e. the glacial settings from some profiles (see above). Twice more of amphiboles is found in the middle part of the Polesie profile (Table 2, Fig.  3 ). The lowermost part of the Polesie profile (depths of 3.05 and 3.45 m) again resembles multicyclic, where garnet with some ultrastable components prevail. Such resistant-less-resistant mineral alternations might be similar with the oldest part of the Kołaczek profile. This latter has been defined as a dry-humid environmental interactions (Kalińska-Nartiša, Nartišs 2016a) , and resulted from multi-sourcing (Fig. 5) .
Dunes
In aeolian environment, deflation process and source deposits are strongly responsible for the HM transformation (Marcinkowski, Mycielska-Dowgiałło 2013; Mycielska-Dowgiałło 1993) . This means, that some particles tend to be winnowed, but some of them have a very high stability and resistance (Scheib et al. 2013) .
The HM can be found in dune flanks due to wind turbulences (Garzanti et al. 2012) and stoss side of dune, where flow velocity increases (Komar 2007) . Authors found dense minerals in dune flank at the Międzyborów site, but also in the sediments of the coversand, where garnets, zircon, tourmaline, disten and staurolite prevail (Table 1; Figs 3, 4A-B) . These sediments are thus mineralogically mature (Fig. 5) , and this results from the long-lived aeolian processes or/and their source had already undergone a preliminary enrichment into a resistant mineral suite. For example, at the Międzyborów site, dune sediments originate from an already aeolian-transformed fan-like form sands. A general western wind direction may have prevailed during dune formation (Bokhorst et al. 2011; Brauer et al. 2008; Renssen et al. 2007) , and thus sediment was delivered from the surroundings of the Żyrardów N site. Considering this scenario, more mechanically durable garnet and the most durable zircon, disten and staurolite occur in a dune sediments than in their source. This also means, that less durable minerals were depleted from dune sediments in deflation process. The ultrastable HM seem concentrate in the uppermost part of the profile at the Międzyborów, which may be due to reworking of the lower-located sediments.
At Łysobyki, dune sediments reveal: (1) the Aand B-coefficients a few-times higher than in other aeolian settings, (2) the highest (among aeolian settings) W coefficient, and (3) relatively low the ZTR index. Authors interpret, that the relative differences of this dune sediments must result from (1) diminishing of garnet, (2) removal of heavy minerals with a lower resistance to chemical weathering, and (3) depletion into an ultrastable assemblages. Assuming that not only active phases but also stabilization events interplay in aeolian environment (Navarro et al. 2011; Tsoar 2005) , the Łysobyki site may represent cessation of aeolian activity. Similar HM record, displaying relatively high content of amphiboles (up to 36%) and comparable ZTR index, was observed in dune sediments east of Warsaw and assigned with soil processes (Konecka-Betley, Janowska 2005).
Coversand
Coversands generally cover the pre-existing morphology (Kasse 1997) , and are considered of fluvial-aeolian origin (Bateman, Van Huissteden 1999; Zieliński et al. 2016) , and brief deposition (Kasse 2002 (Kasse , 1997 . The mineral composition of their sediments is, there-fore, expected to differ from typical dune sediments, for example by revealing a lower maturity of sediments (Marcinkowski, Mycielska-Dowgiałło 2013) . At the Plecewice site, sediments reveal a similar number of garnets, as these noted in dune sediments (Table 1; Fig.  3, 4A ). The contribution of amphiboles is, however, higher, and consequently, the ultrastable components are depleted. Assuming this, only a stable wind-proxy (garnet) prevail in the coversand sediments, indicating, therefore, a shorter-lived aeolian transformation than in dunes. Fluvial sediments, similar to these at the Malanowo site (see in Results and below), might have been a potential coversand source. Assuming this, coversand sediments carry a signal of single sourcing by an already mature material with only minor aeolian transformation (Fig. 5) .
Fluvial setting
Fluvial and fan-like form sediments seem strongly correlated in terms of their HM characteristic, thus supporting a statement, that HM are largely sourcedependent (Jagodziński et al. 2012) . For example, in sediment of the Pisia River occurrence of garnet and other mechanically durable assemblages (Table  2) is very similar to the sands of the fan-like forms (Fig. 3) . This is because this site locates in the central part of the fan-like forms. At the Okrzesza site, in contrast, mineral outline of the sediments remains rather an amphibole-rich combination, and over 2-times more amphiboles than garnets (Table 2; Figs 3, 4A), together with unstable amphiboles, biotite and chlorite. Amphiboles are non-resistant to both mechanical abrasion and weathering (Marcinkowski, Mycielska-Dowgiałło 2013) , and may be deliver to the sedimentary system i.e. by fluvial incision into the lower-located glacial tills as observed by Weckwerth et al. (2013) . This is a case at the Okrzesza site, sediments of which originate from the glacial sediments. Preservation of the commonly regarded as less durable and unstable pyroxenes and amphiboles suggests high erosion rates, rapid transport and short grain residence time in the river (Sevastjanova et al. 2012) . Assuming a very close location of the Saalian glacial sediments of the Rawa plateau, the Okrzesza river incised into these glacial sediments without remarkable fluvial reworking. Both the sediments taken from the Okrzesza and Pisia sites may disagree with a general statement, that the processes of fluvial deposition, transport and erosion are expected to modify the original provenance signal (Weckwerth et al. 2013) .
In contrast, the sands of the higher terrace of the Bzura reveal one of the highest percentage of garnets (72%) in this study (Table 2 ; Figs 3, 4A). This seems be strongly correlated with the transitional regime, where sediments underwent a repeatedly reworking and eroding, as observed i.e. in sandur settings in NW Poland (Pisarska-Jamroży et al. 2015) . In the second sand sample the content of stable garnets slightly decreases and is replaced by non-resistant amphiboles. The cause of this can be explained by seasonal increasing of fluvial erosion rates and denudation as observed by Weckwerth et al. (2013) . Additionally, these sediments, by revealing the W index almost twice higher than elsewhere and, thus, diminishing of the chemically low-resistant minerals, point at an abrupt erosion and delivering a fresh material to the fluvial system (Fig. 6) . Similar pattern has been observed in central Poland (Wachecka-Kotkowska, Ludwikowska-Kędzia, 2013) . The mineral differences among fluvial sediments likely indicate their multiple sourcing, which may be similar to this observed in i.e. large rivers (Nascimento et al. 2015) .
CONCLUSIONS
The HM record of five sedimentary settings in the Mazovian Lowland, Central Poland as expounded upon allows us to reach the following conclusions.
In the glacial setting either the most durable garnets or less-resistant amphiboles prevail, and this combination has been already subjected to the numerous Saalian glacial settings in Poland. Certainly, there is no unequivocal mineral pattern for glacial sediments, since they reveal either a multiple sourcing or the methodological problems may be addressed.
Fan-like form and aeolian settings seem greatly connected; these sediments are multicyclic and largely derived from pre-existing recycling sediments (tills-fan-like forms-dune sediments). Locally, deeper buried, and thus, longer-time-standing sediments of these settings, tend to have a high maturity ZTR coefficient. In contrast, the westernmost part of the fanlike forms reveals the highest amount of amphiboles and non-resistant minerals, resembling the glacial setting. Work at higher resolution is needed for better understanding this.
Dunes and coversand are enriched in resistive minerals such as garnets, zircon, tourmaline, disten and staurolite, which either result from the long-lived aeolian processes or/and from an already enriched into a resistant mineral suite sediment source (fanlike forms). Occasionally, depletion in an ultrastable assemblages is noted, which may represent aeolian cessation. In the sediments of the coversand the contribution of amphiboles is higher, and consequently, the ultrastable components are depleted, which indicate a shorter-lived aeolian transformation.
Mineral composition of fluvial sediments indicates their multiple sourcing, and strongly correlates either with sediments of the fan-like forms or glacial sediments. Kalińska-Nartiša) , and by research funding of University of Latvia (to M. Naritšs).
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